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The Ground Communications Facility has been designed to provide reliable
Earth-based, point-to-point voice and data communications as part of the DSN

Tracking and Data Acquisition System.

l. Introduction

The Ground Communications Facility (GCF) is one of
the three functional elements of the Deep Space Network
and provides the capability required for the transmission,
reception, and monitoring of voice and data communica-
tions between the various locations of the DSN. The GCF
uses common carrier circuits engineered by the NASA
Communications (NASCOM) Division of the Goddard
Space Flight Center, interconnected to specialized
switching, terminal, and monitor equipment, integrated
into a world-wide system, and operated in support of
space flight missions. The GCF is composed of five
subsystems: Teletype, Voice, High-Speed, Wideband, and
Monitor. The Office of Tracking and Data Acquisition of
the Jet Propulsion Laboratory provides the technical
direction and systems management of the GCF and acts as
the representative of NASCOM for communications
switching functions on the west coast.

Il. GCF-NASCOM Interrelationships

The interrelationships at the programmatic level
between the Jet Propulsion Laboratory-developed Ground

Communications Facility and the Goddard Space Flight
Center NASCOM are characterized as follows:

(1) NASCOM

{a) Provides ground communications of all opera-
tional data for all NASA missions, including those
supported by the DSN.

(b) Accepts and supports communications require-
ments established by the DSN.

(c} Establishes basic characteristics of NASA opera-
tional ground communications subsystems, such
as teletype line rate, high-speed block size, and
wideband circuit capability.

(2) GCF

(a) Provides ground communications for all DSN
missions using the services of NASCOM.

(b) Establishes additional characteristics of all GCF
subsystems, such as block multiplexing and error
correction.
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ll. Objectives and Goals

The GCF design is based on standardized communica-
tion techniques to provide more efficient transmission of
user data and simple user and NASCOM interfaces. These
objectives are met by:

(1) Providing message switching and routing.

(2) Transmitting data which are essentially transparent,
i.e., user data are accepted and delivered in
established formats and without additional errors.

(3) Minimizing project-dependent equipment within the
GCF.

(4) Providing centralized data records.

The continuing goals of the GCF are to provide highly
reliable and cost-effective data transmission while main-
taining a capability balance between the DSN and users,
and include:

(1) Equipment and routing redundancy to minimize
single-point-of-failure impact.

(2) Error performance which does not degrade data
beyond RF-link error performance.

(3) Design coordinated with NASCOM Development
Program.

IV. Configuration and Functional Subsystems

The current GCF configuration, including the related
NASCOM functions, is shown in Fig. 1. This configuration
is functionally organized into High-Speed Data, Wideband
Data, Voice, Teletype, and Monitor Subsystems.

A. High-Speed Data Subsystem

The High-Speed Data (HSD) Subsystem consists of
assemblies that switch, transmit, receive, record, process,
distribute, test, and monitor digital data and is used for the
transmission of:

(1) All digital data of the DSN command, tracking, and
monitor and control systems.

(2) All low- or medium-rate data of the DSN telemetry
system and the DSN test and training system.

(3) All GCF monitor and control data.

The High-Speed Data Subsystem provides a capability
for transmitting and receiving serial bit stream formatted
data over four-wire circuits having a 3.0-kHz bandwidth.
This serial bit stream is impressed on communication
circuits at a continuous line bit rate divided into message
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segments referred to as high-speed blocks. The two key
characteristics are:

(1) Data blocks containing user data bits to be
transmitted.

(2) Filler blocks containing filler bits provided by GCF
equipment when the user data bit rate is insufficient
to maintain the fixed line bit rate required by design
specifications.

Each block is divided into three parts: header, text, and
ending. Formats for the data blocks and filler blocks are
illustrated in Tables 1 and 2.

The current plans are to provide the functional
capabilities illustrated in Fig. 2 and to standardize at a
1200-bit message segment and a line bit rate of 7200 b/s.
Other planned changes include conversion from a 33-bit to
a 22-bit error polynomial and increasing the number of
bits reserved in the data block ending from 36 to 40 bits to
provide error correction, by re-transmission, for short
outages or errors in GCF data transmission. The purpose
of these changes is to significantly reduce the error for
nonreal-time replay of data. Figure 3 illustrates HSD
Subsystem configuration which is planned for the CY 1977
and CY 1978 time period. The two configurations are
required to provide continuous project support during the
period of conversion from the existing Ground Data
System to the new one for support of the Mariner
Jupiter-Saturn and Pioneer Venus Projects.

B. Wideband Data Subsystem

The Wideband Data Subsystem consists of assemblies
that switch, transmit, receive, process, distribute, test, and
monitor data requiring the use of bandwidths greater than
those provided by standard high-speed channels. The
Wideband Data Subsystem illustrated in Fig. 4 includes
standard wideband circuits as well as intersite-microwave
capabilities. The Wideband Subsystem is used for:

(1) Telemetry data.

2) Simulation data.

@)
(3) Test and training data.
(4)

4) Data interchange within the DSN including opera-
tional control.

(5) Intrasite communications and timing signals.

The wideband data circuits to the deep space stations
contain serial bit streams impressed on communication
circuits at a continuous line bit rate typically 27.6, 28.5,
50, 168, or 230.4 kilobits per second divided into 2400- or
4800-bit message segments. Similar to the high-speed data,



the message segments or data blocks contain user bits to
be transmitted and filler bits provided by the GCF
equipment when the user data bit rate is insufficient to
maintain the fixed line bit rate required by design
specifications. The data blocks are also divided into three
parts: head, text, and ending, as illustrated in Tables 3 and
4.

C. Voice Subsystem

The Voice Subsystem consists of assemblies that switch,
transmit, receive, distribute, test, and monitor transmis-
sions originally generated in vocal form and includes
capabilities between the facilities of the Deep Space
Network and to the Mission Control Centers. The
functional capabilities and key characteristics include:

(1) Standard voice-data grade circuits for all traffic.

(2) Conferencing capability on one intercontinental
circuit during noncritical periods for all deep space
stations supporting a single project; individual
circuits for each DSS during critical periods,
resources permitting.

(3) User-controlled intercom switching,

(4) Circuits used for high-speed data transmission
(backup) if required.

(5) Voice traffic recording in the central communica-
tions terminal upon request.

D. Teletype Subsystem

This subsystem consists of assemblies that switch,
transmit, receive, distribute, test, and monitor digital

signals originally generated in Baudot format at a teletype
(TTY) rate of 100 words per minute. The operational use
of teletype continues to be de-emphasized and is used
primarily for emergency, backup operational transmissions
and administrative communications. Services and key
characteristics include:

(1) Handling Air Force Eastern Test Range (AFETR)-
generated predicts for DSN initial acquisiton.

(2) Transmitting non-operational messages between the
JPL Message Center and other locations.

(3) Use of standard NASCOM format and the NASCOM
communications processor for message switching.

E. Monitor and Control Subsystem

The Monitor and Control Subsystem consists of
assemblies that gather, calculate, record, display, and
report the operational configurations, status, and perform-
ance of the GCF subsystems. A central monitor processor
has been designed to receive inputs from other GCF
subsystems as necessary to permit internal assessment of
performance, problem detection, isolation, and correction.

V. Typical Configuration

The Viking Project represented one of the most
extensive users of the GCF because of the two orbiting
and two lander spacecraft and extended critical phases of
the mission. The project requirements were largely met
with standard GCF circuit configuration as was the
intended goal. Illustrated in Fig. 5 is the GCF configura-
tion used during the primary mission phase following
touchdown.
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Table 1. High-speed data block composition

Subdivision

22-bit Error polynomial

33-bit Error polynomial

Word Bits Word Bits

Header 1 thru 7 (16 bits each) 112 1 thru 7 (16 bits each) 112
8 8 8 8

Text 8 (Bit 9) thru 73 (Bit 8) 1040 8 (Bit 9) thru 73 (Bit 12) 1044
Ending 73 (Bit 9) thru 75 (Bit 16) 40 73 (Bit 13) thru 75 (Bit 16) 36
Totals 75 1200 75 1200

Table 2. High-speed filler block composition
22-bit Error polynomial 33-bit Error polynomial
Subdivision

Word Bits Word Bits

Header 1 thru 3 (16 bits each) 48 1 thru 3 (16 bits each) 48
Text 4 (Bit 1) thru 73 (Bit 8) 1112 4 (Bit 1) thru 73 (Bit 12) 1116
Ending 73 (Bit 9) thru 75 (Bit 18) 40 73 (Bit 13) thru 75 (Bit 16) 36
Totals 75 1200 75 1200

Table 3. Wideband data block composition

Subdivision Word Bits
Header 1 thru 7 (16 bits each) 112
8 8

Text 8 (Bit 9) thru 298 (Bit 12) 4644
Ending 298 (Bit 13) thru 300 (Bit 16) 36
Totals 300 4800

Table 4. Wideband filler block composition

Subdivision Word Bits
Header 1 thru 3 (186 bits each) 48
Text 4 (Bit 1) thru 298 (Bit 13) 4716
Ending 298 (Bit 13) thru 300 (Bit 16) 36
Totals 300 4800

JPL DEEP SPACE NETWORK PROGRESS REPORT 42-36



uonendyuod 499 1 ‘814

= - - "
| Mm:zmml“ ————— “1 I.“ BDOTNON L
SNOILVYIIO ]
| Noissiw 31oway | _ | oo [ ]
| _
L———— N |
[ aema | Lozl | | o N
14V4DIDVdS [ ] ALITIGILYAWOD 14v¥D
—] 1SYOD I5IM X
| aNv ¥3IN3D NOIL | | WodN | | s ~3DVdS ONIANTON|
[ JYWHOANI JLOW3Y | ONIHDLIMS| | 3ONVY 1531 N¥3LSV3)
_ __ _ WNOD|
7 - 1 T T
| (dr) ¥3INED _tlnv__l N | 5459 | _7 o_goﬁzln €9 ‘29 ‘19 ssa .IH
SNOILYYIdO _ - ] WODSYN ja——— WWOD VIV ] XIWWOD
| NOISSIW | _ I wooswn | Nivds |
R — YOLINOW @ | | L —— 1 T —J
— = IdALITL o _ —_—— -
{1z vid) _ r 1 . 1
VHYIEINYD vv ‘e ‘zv ssa
| E:_%ﬁn% Dorel, | WO Vany e XIWOD |
_ % v1va GNVEIAIM @ _ | | woosyn | vivassny |
L — = V1va G33dS-HOIH e L — o A —
r————— f |\ -
_ ¥3IINID AOEZOMI_ TYNIWY3L INO15Q109 ¥l ‘ZL ‘L1 ssa |“
B B ) e e
I | [ |

JPL DEEP SPACE NETWORK PROGRESS REPORT 42.36



sanyipqgedes [euonouny weysAsqng ejeq paads-ysiH 499 "z Bid

viva
JOLINOW
409

»

43IN3ID
TOUINOD
SNOILVd3dO
MHOMLIN

-

Y3IN3ID
SNOILVYIO -]
NOISSIW

viva viva viva viva viva
YOLINOW JOLINOW JOLINOW YOLINOW YO LINOW
DO 409 49 09 109
NOILY105!
1INv4 »
ONIHDLIMS
INIT e
NOILY
viva ONI1a023a RENERELN!
GNNOYLNO ANV SNIGODN3 1531 ANV ONI WVLDIA e 1531 ANY ONI
DDON NV NO123130 ¥0¥d3 —HDLIMS LINDYID AN ® -HDLIMS 1IND¥ID
‘DDDW 'DOW HSITdWODDVY e IIVGOWWODIDVY e ILVYAOWWODDY e
JOUIW ATEIXTTS @ | g D144v3L 55Q NOISYIANOD 195/1dr=55a » NOISYIANOD
ONIHDLIMS YO ANOILDINOD NOISSIW INIIMLIE NOISSIWSNYYL
¥2078 34IAOYd @ YOUYI IAIAOYUL @ -SNVAL IAIAQYEd @ VivVa QIVMIOL e 3QIAOYd ®

AV1dSia 1v201

LYWYOd4 NV
Viv3 JOLINOW
$5300¥d 1NdNI

dWna

ANV AV1d3Y
3AIAOYd NV
901 vLoIa
NO QSH QIO D03y

JILNAWOD SSAa
3LVIIdO¥ddY OL
V1iva 31N0OY¥ ANY
SINdNI 1INDY1D
dsH 14300V

NOILDINOD
YOI IAIAOYd

NOISSIWSNVYL
YO4 LYWHO4

$SA WOYH LYWIOA
3T4ILVdWOD
NI SLNdNI

31dILTINW LdIDDV @

O/1 ILOWIY
> Svoon

o SUTLNdWOD
ssa

ATGNISSY HOLIMS
V1va Q334S-HOIH

ATEWISSY NOILDINOD
ANV NOIL D130 0NN

AT9W3SSY vivda

a334S-HOIH TYEINID

S317aW3ISSY
NOISSIWSNVYL

ANGWISSY vIvd
d3345-HOIH NOILLVLS

ATGW3ISSY ¥3LIVWAOS
ANV JOLINOW WWOD

TYNIWYEIL WWOD TVEINID

NOISSIWSNVYL

WWOD VIV

ILISYILNI
aNY NI — e INIWdINDI WWOD 550 ————————]

JPL DEEP SPACE NETWORK PROGRESS REPORT 42-36



(861 Pue £/6T AD) S92eiajuUl pue uoneIn3u0d WalsAsqng ejeq paads-ysiH 499 s Bi4

NOILYINOIINOD SSA INIWIND

JPL DEEP SPACE NETWORK PROGRESS REPORT 42-36

|
300D NOILD3ILIQ YOI = 3A0D 1005 e _ -
300D LYWIOH D078 = D4e 249 L1a-€€ | 300D ¢¢
- —_——————
3q0>eeg D4q 11g-€¢
D49 119-€¢ _ 300D €8
- - -
YOLINOW
—> EETINERY > NOILYLS
SNOILV¥IdO ¥IXITAILINW mvmwmm,\%m
NOISSIW 22074 ANYWWOD aNY
iloway | 0 - AYLIWTTIL
N
YIXIAILINW NOILDILIA | o | (AINO s3WY) _ NOILDI13a
¢ o018 [ ¥0ud3 [T XNW ¥3TT14 _ NOYLE!
ATNO 0
3 300D g8 136
Y. S
_ viva
oz:wwx/%wt 431N
Y — — — | t0WINOD |\ __ e E S
SNOILY¥IdO viva [* O~
TOUNCD SHOMLIN
NOISSIW YOLINOW _
»|SNOILY DINIWWOD
VEINID [ (" 3005
g lecwoze
NOILDINO D _
] . NOI12313a
4OUY3 | [ Viva taan
Y ! ioraen SYILNAWOD
ANV YOLINOW
-~ HOLIMS zo:umw;om_w_ _ SNOILYD [* ANYWWOD 550 MIN
¥3LNOY H QIIS-HDIN > zo:mmuw:_m - _ -INNWWOD | JIV
- ,ﬂ « A¥LIWITIL
FETINED)
NOILOIIOD mzo:,m_m_mo |
- NOILD313g NoIsSIw |
i ILOWIY |

SNOILISOd

€€ GNV ZZ H1048
NI SNLVLS 30443

D48 ¥3IHLIS

-—

300> T

D49 L18-2¢
-

30D e 0O TT

D249 ¥3H113

_— e

D49 IYONDI
SNLVLS ¥OA¥I LI9-2C
B —

Eldomksd
44 119-Z¢
—

_

_

_ 3402 e d0 ¢T
249 118-2¢ _ 248 ¥3d0ud
_
_

_—

048 ¥3d0¥d
-

-

(141 TVNIWYIL SNOILYDINNWWOD
TVHINGD 3JA0OW-1vnd

(INOLSATOD *VITVILSNY *NIVdS)
NOHIVINDIINOD 55 MIN

10



waysAsqng pueqapipm 499 v “Sid

¥3INID TOYINOD SNOILVYIdO HYOMIIN = DD0ON

YILINID ONILNGWOD ANV TOILNOD NOISSIW = DODW

S50 ~-—

NOISSIWSNYHL dgm
ANV QSH 3LISYIINI o

ATEWASSY JAVMOADIW vadY

43INID
TOUINOD >

SNOI1VY¥3dO

MYIOMIIN

¥3INID
SNOILVYIdO a—
NOISSIW

viva NOI11v201

JOLINOW LAONDIHD ATEWISSY LYWIO L ANV

109 14v¥23DVdS JOLINOW WWO D sSd
viva
"OYINOD ANV
JOLINOW 429

YJOLINOW 409 Ol SNiViS e
(ATNO VI XEYW) JOLINOW

IDVHIINT DDON QILIWIT »

ONILS3L
ANV ONIHDLIMS LINDYID »

INIWGIND3I
NOISYIANOD NOISSIWSNYUL o

FAIAOYUd

DD0W Ol VIVQ ONIWODNI
31N0OY ANV X3dILTNWAA

O144VdL INOADIHD
14v¥D3DVdS 3O 4 1430X3)
NO11D3[30 40343 3AIAOAd

L1YWIO 4 NOISSINSNVYL
NI SLAdNI DDON 14300V

LYWIO S NOISSIWSNYYL NI
SINdNI DODW J1dILTNW 1d3IDDV

NOISSINSNVYL JAVMOUDIW
XATdWO D-VYINI FAIACHd

NOILLYIOSI 1TNVS o
ONIHDLIMS INIT o
NOIUVIINION IVIIOIQ e
3IACYHd e
SNOILVYDOT 1D3r0dd - DODW e
1dr-5Sa e
‘NIIMLIE VIVA QIVMEOS e

409 Ol SLNdNI FAIAOYd @
YOLINOW 409 Ol SNLVIS e

ONI1153L
ANV ONIHDLIMS LINDYID e

NOISYIANOD NOISSIWSNVYIL o
3AIAOYd @
NOI11D2313d

FOWI ND019 FAIANOYd ®  fat——i>

SYILNIWOD

SSA ILVIEdOUddY

OL ¥v1vad 31N0Y¥ ANV

SLNANI LINDYID ONVEIAIM
XIdILINWIQ ANV 1d3DDV e

1YWIO S NOISSINSNYIL NI
S1INdNI §SA I1dILTNW 1d3DDV e

ATEW3ISSY
Vivd GNVEIaIM TVEINGD

S31TAWISSY
NOISSIWSNYYL

ATIWISSY
v1vad ANVE3IQIM NOILVLS

TYNIWYIL WWOD TVIINGD

NOISSIWSNYYEL

TVNIWYEIL WNOD

NOI1V1S 31DvdS 433d

- §sd

SYILNIWOD
ssa

11

JPL DEEP SPACE NETWORK PROGRESS REPORT 42-36



vo
VYN3Qvsvd

asH 1
IDION T
[ABN¢

d17vD
‘INO1SQ109

SvIy
L30ddNsS
NOISSIW

S/-AA

SL6T BUpjIA 10} Sjuswalnbai 3IN2112 WOISYN-499 pue suoneso) poddns NS@ G “Si4

GNVE3dIM = gm
IdALITIL = ALL

43IN3D ONIINAWOD ANV TOYINOD NOISSIW = DDOW

V1iva d33dS-HOIH = aSH

G s

dr

TVYNIWIIL
WWQOD
0C 409

d3INID
TOIINOD

SNOILYY¥3JO
HIOMLIN

JSH-3DI0A

TINNVYHO
JAVYM
-~O¥DIW |
M Z

asH ¢
IDI0A T
¥1 Ssa

TINNVHD
IAVM
-O¥DIW L
, ASH L
IDI0A Z
Lt Ssa

VD
‘INOLSTTIOD

SV
NOILYINWIS
/SNOILV4IdO
DOOW

VYN3IAVSvd ‘Tdr

1

J
!
_ TYNIWYIL [
_ WWOD
a3AIAOYd [
| WODISYN _
_ asH |
_ IDIOA |
¥IINID —_—
| NOILYWSOINI ILOW3Y /
L S/ ONIIIA /
0AV¥OI0D “YIANIG / VNI
/s ONIHDLIMS
/ WODSYN
Vs anavw
/
/
/
ﬂ\
|
| am 1
asH 1 asH €
_ IDIOAN Z IDIOA T
_ €9 550 £9/19 550
[
| YORENLE] 0a3190

2459

43IN3D
ONITHOLIMS
WODSVN
2459

aw
113ANIFND

/

(
_
_
_
_
_
_
L

asH 1
IDI0A ¢
¥y 554

FIADNSAINOH

T

/ FETINE )

ONIHOLIMS
WODSVYN
VIIIANYD

am 1
asHe
IDIOA Z
£¥/Zv $5Q

VITIgNIgdiL
vitvaisny

JPL DEEP SPACE NETWORK PROGRESS REPORT 42-36

12



